that both activities comigrated with two proteins: PI3K-A with proteins of 117 kDa (which specifically bound [ 3 H]-17-hydroxy-wortmannin and were therefore assumed to be catalytic) and 101 kDa, and PI3K-B with proteins of 120 kDa (which also bound [ 3 H]-17-hydroxy-wortmannin) and 101 kDa, hence indicating that the PI3K activities were p117/p101 and p120/p101 heterodimers in their native state. In their final forms, PI3K-A and PI3K-B had been purified approximately 180,000-fold and 370,000-fold from neutrophil lysates with 5.5% overall recovery of activity. Purified preparations of PI3K-A and PI3K-B were indistinguishable on the basis of their lipid kinase activities. They were both found to be: activated over 100-fold by G␤␥ subunits in a G␣-GDP-sensitive fashion; completely inhibited by 100 nM wortmannin (with 5 M ATP in the assays); insensitive, either in the presence or absence of G␤␥s, to tyrosine-phosphorylated peptides (which activate p85/p110 family PI3Ks 5-fold); insensitive to aluminum fluoride-activated, GDPbound G␣ i subunits; and capable of phosphorylating PtdIns, PtdIns4P, and PtdIns(4,5)P 2 . However, they displayed the lowest apparent K M for PtdIns(4,5)P 2 (8 M and 10 M for PI3K-A and PI3K-B, respectively), utilizing the ␥-phosphate of ATP as the phosphate donor (see sponding to all four subunits were excised, treated with to overexpose the film to demonstrate the specificity of binding).
trypsin, and processed for internal amino acid sequence
The position to which a set of molecular size standards migrated is marked.
analysis. Peptide sequence data resolved several issues (Lower) The effects of various reagents on the lipid kinase activity regarding the relationships between these proteins. The of PI3K-B. Assays were conducted with PtdIns(4,5)P2 as a substrate p101s derived from both PI3K-A and PI3K-B were identias described below, with or without 30 M doubly tyrosine-phoscal, and furthermore, a relatively common allelic variant phorylated peptide (PY peptide), 100 nM wortmannin, 1 M G␣i (with was identified at 483 in the ORF (marked in Figure 2 ).
or without 10 mM sodium fluoride and 30 M aluminum chloride), p117 and p120 displayed virtually identical tryptic HPLC and 0.5 M G␤␥s.
profiles, and all apparently common peptides that were sequenced from both species were identical, with the It was speculated that p110␥ constituted the PI3K activexception of an NH 2-T (NH2-terminal)-blocked peptide ity downstream of heterotrimeric GTPase-linked recepfrom p117 (see below). A degenerate oligonucleotide tors, although this hypothesis clearly left several unreprobe, based on the sequence of a peptide from p120, solved questions regarding earlier work (e.g., the was used to screen an oligo(dT)-primed pig neutrophil apparent native, relative molecular mass).
cDNA library. Two clones defined a full-length ORF enThis paper describes experiments that were aimed at coding all of the p117/p120 tryptic peptides (see Figure  characterizing the G␤␥-sensitive PI3K activity we pre-2). Of two potential start methionines, the 5Ј one was viously detected in myeloid-derived cells.
identified as active on the basis of the precise match between the measured mass of an NH 2 -T-blocked, Results p120-derived peptide and the theoretical masses of NH2-T tryptic peptides that would be derived as a result Purification and Characterization of initiating translation at the alternative methionines.
of G␤␥-Activated PI3K Activities
This was confirmed by postsource decay (PSD) mass Analysis of pig neutrophil cytosol by ion-exchange chrospectrometric sequencing using a MALDI-reflectron matography showed that it contained a G␤␥-activated TOF mass analyzer (data not shown). As such, p120 has PI3K activity of similar properties to one already dea theoretical size of 126 KDa. The mass of a blocked, scribed in U937 cells. The G␤␥-activated PI3K activity and therefore presumably N-terminally located, tryptic was purified further and split into two peaks that both peptide from p117 could not be satisfactorily matched displayed native, relative molecular masses of 220 kDa with any sequence (assuming acetylation of the first (we intend to publish the details of this purification separesidue) in the N-terminal region of the p120 ORF. Putarately). Once essentially pure, as assessed by Coomassie-stained SDS-PAGE gels (see Figure 1) , it was clear tive sequence differences between p117 and p120, likely defining p120 were used to search databases for similar structures. Similarities with all previously cloned PI3Ks were identified. The sequence was nearly identical to p110␥, allowing for species differences (Stoyanov et al., 1995) . The only significant discrepancy between our sequence and that of p110␥ is found in the extreme COOH-T (dashed underlining in Figure 2 ). During a recent, independent cross-check of this sequence, Stoyanov et al. identified a reading error that had resulted in a frameshift and predicted a premature stop codon. Their corrected sequence now agrees with ours (R. Wetzker, personal communication). A full-length clone defining p101 has not been isolated, but by utilizing several overlapping fragments derived from both oligo(dT)-and random-primed, pig neutrophil cDNA libraries, a full-length ORF encoding all of the peptide sequence derived from p101 has been defined. A p101-derived, NH 2 -T-blocked peptide was identified. Its mass was precisely equivalent to that predicted for an NH 2 -T-acetylated version of the first 12 residues defined by the predicted start in the ORF described and a tryptic cleavage site (Arg) at position 12. The predicted relative molecular mass of p101 is 97 kDa (see Figure 2) . The protein and DNA sequence databases were searched for similar structures or substructures; none were found.
Analysis of Northern blots of poly(A)-selected pig neutrophil RNA with probes specific for p120 and p101 (both NH2-T-derived) revealed the presence of very low abundance messages of the expected sizes (3.8 and 4.5 kb, respectively; data not shown).
Expression of p120 and p101 in Insect Cells
Recombinant, clonal baculoviruses (RBV) harboring either an NH 2 -T, 6ϫ HIS-tagged p120 cDNA (pAcHLT p120) or an NH 2 -T, (EE)-tagged p101 cDNA (pAcO-G1 p101) were prepared and used to drive production of the above proteins in insect cells (Sf9). Single-step purifications utilizing the tags yielded both proteins at greater than 90% purity. Their apparent sizes matched expectation, and both were recognized in Western blots by specific, COOH-T-directed and internal sequencedirected antipeptide rabbit polyclonal sera, indicating their authenticity (data not shown).
p120 bound tightly, in 1:1 molar stoichiometry, to p101 both in vitro, when both proteins had been independently purified and mixed (see Figure 3) , and in vivo, when Sf9 cells were coinfected with both forms of RBV and proteins were purified via the p101 tag (data not shown).
Free, purified p120 was a PtdIns(4,5)P2-selective, wortmannin-sensitive PI3K. G␤␥s had a small, bimodal
The nucleotide sequences of cDNAs encoding p120 and p101 are effect on free p120 PI3K activity. An equimolar mixture
shown. The deduced amino acid sequences of p101 and p120 are of G␣s (final total concentration of 2 M of G␣s o, i1, i2, shown in single letter code. The sequences of peptides obtained from tryptic digests of purified p120 and p101 are underlined in and i3 bound to GDP) in the presence of aluminum fluobold. Two tryptic peptides were obtained from p101 that differed ride had no significant effect on free p120 PI3K activity.
only by Ser/Gly in their second residues (indicated by an asterisk), This preparation of G␣s, when added in a 1.5-fold molar suggesting allelic variation in sequence.
excess, could completely inhibit the effects of G␤␥s on PI3K. Tyrosine-phosphorylated peptides able to activate p85/p110 PI3K family members also had no detectto reside at the N terminus, must therefore be recognized. However, a cDNA with an ORF encoding p117 able effect on p120 PI3K activity (see Figure 5 ). When bound to p101 (either in vivo or in vitro), the has not been isolated. The protein and DNA sequences Assays (A-F) were constructed. They contained 0.27 nmols (EE)-p101 (immobilized on ␣-[EE]-beads) or an equivalent fraction purified from Sf9 cells infected with wild-type BV (p101C), and 2.7 nmol of p120 or an equivalent fraction purified from Sf9 cells infected with wild-type BV (p120C). After 2 hr of mixing, the beads were washed and specifically bound proteins were eluted with (EE)-peptide. Each fraction (2.45, v/v) was resolved by SDS-PAGE (8% acrylamide) and stained with Coomassie R250 (see gel at left). Each fraction (0.2%, v/v) was assayed for PI3K activity with and without G␤␥ subunits (1 M final concentrations). The components added to each assay are defined beneath the graph at right.
PI3K activity of p120 could be activated greater than was absent in controls using either an irrelevant monoclonal antibody for the immunoprecipitation or a cDNA 100-fold by G␤␥s. Tyrosine-phosphorylated peptides and G␣-GDP/aluminum fluoride had no effect on G␤␥-encoding an (EE)-tagged irrelevant protein (see Figure  activated , or basal, p101/p120 PI3K activity. In the absence of G␤␥s, the specific activity of p120 in a p101/ p120 complex is lower than the specific activity of free p120 (24% Ϯ 5%, n ϭ 6) but is increased greater than 50-fold in their presence (see Figures 4 and 5). The specific activities of recombinant p101/p120 heterodimer toward PtdIns, PtdIns4P, or PtdIns(4,5)P2 was 0.8, 0.6, or 2 fmol of product/mi/pmol of PI3K (with 500 M, 50 M, and 50 M lipid concentrations, respectively, and 100 M ATP) and 20, 60, and 300 fmol product/ min/pmol of PI3K, respectively, in the presence of 0.5 M G␤␥s (other conditions as defined in the Experimental Procedures). Sf9-derived p101/p120 had a 2-fold higher specific activity than pig neutrophil-derived PI3K-B. This suggests that the bulk of the recombinant enzyme is correctly folded and processed.
To assess if G␤␥s could bind to (EE)-p101 and/or (EE)-p120, the latter proteins were purified from Sf9 cells, incubated with bovine brain-derived G␤␥s, and rapidly washed. Bound proteins were then analyzed by SDS-PAGE. Under a variety of conditions, 5-fold more G␤␥s were recovered, per mole input protein, specifically (i.e., above control) associated with (EE)-p101 than (EE)- The data shown are means (n ϭ 2); the average range of these means was 6.4%. 7). The activation by G␤␥s was blocked by preincubation G␣-GDP/aluminum fluoride (data not shown). Cotransfection of (myc)-p120 with (EE)-p101 did not increase with a 2-fold molar excess of G␣-GDP. The PI3K activity the PI3K activity specifically recovered in ␣-(EE) immuin these p101 immunoprecipitates was insensitive to noprecipitates. Indeed, it decreased, probably because the expression of 35 S-methionine-labeled (EE)-p101 was lower in the presence of (myc)-p120 expression vectors (data not shown). In contrast, in cells transfected with (EE)-p120, ␣-(EE) immunoprecipitates contained barely detectable PI3K activity either in the presence or absence of G␤␥s. Cotransfection with (myc)-p101 resulted in a substantial increase in the G␤␥-stimulated PI3K activity that could be recovered, despite a fall in the expression of (EE)-p120 (as judged by 35 S-methionine labeling) (see Figure 7) . We interpret these data to indicate that U937 cells (human) contain an endogenous PI3K catalytic subunit that can bind to a transiently expressed p101 (pig), and because all of the p120 present in these immunoprecipitates is bound to p101, this catalytic subunit displays substantial regulation by G␤␥s. In ␣-(EE) immunoprecipitates from (EE)-p120-transfected cells, much of the p120 is unassociated with p101 and hence relatively inactive even in the presence of G␤␥s; however, cotransfection with (myc)-p101 amplifies the G␤␥-activated PI3K activity in (EE)-p120 immunoprecipitates. An alternative explanation for these data could be that the p120 is "denatured" unless expressed in the presence of p101 (although this p120 is soluble and G␤␥s were incubated with ␣-(EE)-beads (lanes 1 and 6) or with capable of being immunoprecipitated). However, we similar beads already bound to nonspecific Sf9-derived proteins consider this unlikely in view of the data obtained in (lanes 2 and 7), (EE)-p101 (lanes 3, 8, 10, and 11), or (EE)-p120 (lanes experiments reconstituting independently-purified, Sf9-4 and 9). G␤␥s in some assays were preincubated with a 2-fold molar excess of either boiled (lane 11) or unboiled (lane 10) G␣ iderived proteins.
GDP. The beads were further washed in the binding buffer, then
To test whether the p101/p120 PI3K could be actieluted with SDS sample buffer. The bound proteins were resolved by vated by G␤␥s and produce PtdIns (3, 4, 5) P3 in vivo, we SDS-PAGE (12% acrylamide), detected by staining with Coomassie transiently expressed various combinations of (myc)-␥2, (Lower) Cos-7 cells were treated as described above, except that washed, and PI3K activity was assayed with or without G␤␥s (1 M, some were also transfected with HA-tagged PKB or kinase-dead final concentration). The PI3K activity detected in immunoprecipi-PKB. After serum starvation, cells ( 32 P-Pi-labeled or not) were stimutates from cells transfected with irrelevant (EE)-tagged protein, eilated with LPA and either lysed for assay of HA-immunoprecipitated ther with or without G␤␥s, was subtracted from the data shown PKB activity or quenched with 1 M HCl; 32 P-labeled 3-phosphory-(these were means of 1896 dpm and 2862 dpm in the absence and lated lipids were quantitated as described. Parallel data describing presence of G␤␥s, respectively). Data shown are means (n ϭ 2-3); the LPA-stimulated increase in specific HA immunoprecipitatethe average range on these means was 5.1%. Parallel transfections associated PKB activity in the presence or absence of p101 and labeled with [ be regulated by cell surface receptors and in turn regulate intracellular signaling pathways, we utilized the LPA receptors present on cos-7 cells that are known PtdIns(3,4,5)P 3 and PtdIns(3,4)P 2 accumulation ( Figure  8 ). Cotransfection of mammalian expression vectors ento activate pertussis toxin-sensitive (i.e., G␣ i -linked) cellular responses. Transient transfection of p101 and coding p101 and p120 with HA-tagged PKB showed that this enhanced LPA-stimulated accumulation of p120 cDNAs amplified the ability of LPA to stimulate activity that is apparently recognized by ␣p85 antibodies phy. Exponentially growing cos-7 cells were trypsinized, washed has been described in platelets (Thomason et al., 1994) . suggests that the expression of the p101/p110␥ PI3K is [ 32 P]-phospholipids were quantitated as described (Stephens et al., critical for the capacity to display this response, that . In experiments in which HA-PKB activity was analyzed, transfections contained 2.5 g each of (myc)-p101 G␣ subunits are not necessary for this response, and and (myc)-p120 and 20 g of either pSG5 HA-PKB or pSG5 HAthat expression of p101/p110␥ PI3K in a cell could conkinase-dead PKB. Assays were conducted with washed HA-directed tribute to the ability of heterotrimeric GTPase activatimmunoprecipitates, using myelin basic protein as a substrate ing receptors (e.g., ATP, FMLP, etc.) to stimulate (Burgering and Coffer, 1995) .
PtdIns(3,4,5)P 3 accumulation. A current classification of PI3Ks places p85/p110-type PI3Ks (IA) in the same basic
Cloning of the cDNAs Encoding p120 and p101
group as p110␥ (IB) (Zvelebil et al., 1996) . The work
We prepared 0.7 mg of total RNA from 4.2 ϫ 10 9 pig neutrophils described here further emphasizes the parallels be- (Chomczynski and Sacchi, 1987) . This RNA was used by Stratagene to produce Poly(A)-selected mRNA from which they prepared olitween these type IA and IB PI3Ks and, hence, the go(dT)-and random-primed cDNA libraries in ZAPII (approximately strength of this scheme by demonstrating the existence 5.4 ϫ 10 6 and 3.2 ϫ 10 6 primary pfu, respectively). Amplified libraries of a p110␥-specific adaptor that is necessary for regulawere constructed from approximately 2 ϫ 10 6 original recombinants, tion by G␤␥s and hence, cell surface receptors.
and these were used to screen for p120 and p101 cDNAs by stan-PKB is becoming accepted as an effector enzyme dard procedures.
downstream of PI3K (Franke et al., 1995) . We have demPlaques (2.5 ϫ 10 6 ) derived from the oligo(dT)-primed library were screened with a that an isoform of PI3K that is distinct to p110␣ or p85/ The inserts of these plasmids represented a series of overlapping p110 PI3Ks can activate PKB and, taken with the other clones, two of which defined a full-length ORF encoding all of the results described here, therefore further emphasizes peptide sequence derived from p117/p120 tryptic digests (Figure 2) .
that it is the lipid products of PI3Ks that act as their Plaques (0.9 ϫ 10 6 ) derived from the oligo(dT)-primed library were primary output signal. ) from the random-primed library inactivated fetal bovine serum) and diluted 4-fold every 2 days.
were then screened using a 32 P-labeled, 0.35 kb, N-terminal ApaI Cos-7 cells were grown in DMEM 10% HIFBS. Sf9 cells were grown restriction fragment derived from D11. A total of 98 positive clones in TNM FH with 11% HIFBS in a spinner flask (at 27ЊC) and were were identified. These clones were rescreened (at the stage of primaintained at between 0.5 and 2 ϫ 10 6 cells/ml. mary plaque isolates) by a PCR-based approach, using primers designed against the Bluescript vector (either "forward" or "reverse" primers) and internal D11 sequence. This enabled us to identify
Transient Expression in Mammalian Cells
Exponentially growing U937 cells (diluted 12 hr previously) were (independent of orientation) the longest potential N-terminal extensions encoding the p101 sequence. The clones giving the largest washed twice with PBS and resuspended in 0.45 ml of sterile electroporation medium (EM) containing 30 mM NaCl, 0.12 M KCl, 8.1 mM PCR fragment were isolated and sequenced. These represented overlapping clones that, together with D11, defined a full-length AlCl3 (A/F) for 10 min. Assays into which these subunits were diluted also contained A/F. ORF encoding all of the peptide sequence derived from the p101 tryptic digest ( Figure 5 ). cDNAs were sequenced by generating a series of nested ExoIII/ Purification of Sf9-Derived Proteins S1 nuclease deletions or using internal primers for the known sep120 was purified using a metal-ion chelation column (Talon, Clonquences. Both strands of the total cDNAs of p101 and p120 were tech). Cell pellets were thawed and sonicated into 0.1 M NaCl and independently sequenced.
50 mM sodium phosphate (pH 8.0, 4ЊC); 10 mM Tris-HCl (pH 8.0, 4ЊC), 1 mM MgCl2, and antiproteases (10 g/ml each of pepstatin
Construction of Expression Vectors
A, aprotinin, leupeptin, antipain, and bestatin and 0.1 mM PMSF). The use of N-terminal PCR and appropriate restriction sites allowed A 120,000 ϫ g cytosolic fraction was supplemented with Tween 20 the p120 and p101 ORFs to be manipulated into a form in which and betaine (0.05%, w/v, and 1%, respectively) and loaded onto they could be inserted in-frame into various expression vectors (in Talon resin, which was subsequently washed sequentially with 20 each case, the first amino acid encoded after the N-terminal tag column volumes each of buffers A-D. Buffer (A) contained 50 mM was the start methionine). The entire 3Ј-untranslated region of the sodium phosphate (pH 8.0, 4ЊC), 10 mM Tris-HCl (pH 8.0, 4ЊC), 0.15 p120 cDNA was used, and that of the p101 cDNA was truncated at M NaCl, 1% betaine, and Tween 20 (0.5%, w/v). Buffer (B) contained the most N-terminal BamHI site outside the ORF. The vectors used (A) plus Triton X-100 (1%, w/v). Buffer (C) contained (A) but was at for BV-driven expression in Sf9 cells were pAcHLT (which encodes pH 7.1 and 4ЊC. Buffer (D) contained (A) but was at pH 7.5 and an N-terminal 6ϫ His tag followed by a thrombin cleavage site contained DTT and 1 mM EGTA (final concentrations). This yielded 4 mg of or p120 expression, respectively) and pCMV (myc) (encoding an p120 per liter of Sf9 culture. "p120 blank" preparations were pre-N-terminal MEQKLISEEDLEF or MEQKLISEEDLEFSS myc tag for pared from cells infected with wild-type BV. p101 or p120 expression, respectively). All vectors were N-terminally (EE)-p101 was purified from frozen pellets of Sf9 cells as follows. sequenced before use.
Cells were thawed and sonicated into 0.12 M NaCl, 1 mM MgCl2, 25 mM HEPES (pH 7.4, 4ЊC), and 1 mM EGTA plus antiproteases (above 2 liters of infected Sf9 culture into 50 ml; all subsequent Sf9 Cell Transfections and Production steps deal with this quantity of lysate), after which the cells were of Recombinant Proteins centrifuged (120,000 ϫ g, 4ЊC, 40 min). Then the supernatant was Sf9 cells were transfected using Insectin (Invitrogen) liposomes with removed (as described above), supplemented with Triton X-100 (1%, linearized baculo-gold DNA (Pharminogen) and the relevant BV w/v), sodium cholate (0.4%), and 0.4 M NaCl (final concentrations), transfer vectors. The resulting RBV were plaque-purified and ampliand precleared with 2 ml ␣-(myc) beads. Next, (EE) proteins were fied. After infection, cells were harvested into ice-cold 0.41% KCl, collected with 1 ml of ␣-(EE) beads. After 2 hr of mixing at 4ЊC, the 2.66% sucrose, 20 mM MgCl 2 , and 8 mM NaH2PO4 (pH 6.2, 25ЊC) beads were washed five times with Triton X-100 (1%, w/v), 0.4% containing 1 mM di-isopropylfluorophosphate. The cells were then cholate, 0.4 M NaCl, 0.005% SDS, 20 mM HEPES, 1 mM EGTA, and washed and frozen in liquid N2 and stored at Ϫ80ЊC.
1 mM DTT and three times with buffer (H), comprised of buffer (G) with Triton X-100 (1%, w/v). Yields of (EE)-p101 were typically only PI3K Assays 8%-10% of those of p120. p101 blank (p101C) preparations were Purified aliquots of Sf9-derived or neutrophil-derived PI3K or immufrom wild-type BV-infected cells. p101/p120 heterodimers formed noprecipitates to be assayed for PI3K activity were diluted in, or in vivo by coinfection of Sf9 cells with both forms of RBV were washed into, the last wash buffer, which contained ice-cold 0.12 M purified as described for (EE)-p101, except that the immunoprecipiNaCl, 25 mM HEPES, 1 mM EGTA, 1 mM DTT, 1 mg/ml BSA, 1%
tates were washed four times with buffer (I) (which contained Triton betaine (0.02%, w/v), and Tween 20 (pH 7.4, 0ЊC). Then 30 l of a X-100 [1%, w/v], 0.15 M NaCl; 20 mM HEPES [pH 7.4, 4ЊC], 1 mM mixture of phospholipids with or without G␤␥s (see below) and/or EGTA), twice with buffer (J) (which contained [I] supplemented with G␣s (either GDP-bound or activated) was added to 5 l fractions 0.4 M NaCl [final concentration], and then three times with buffer or 10 l of beads and mixed. After 10 min on ice, 5-10 l of buffer, (G) before being eluted with 1 bed volume of 150 g/ml (EE)-peptide supplemented with MgCl 2 (to give a final concentration of of 3.5 in buffer (G) (final concentration; (EE)-peptide, NH 2-T-acetylated mM), was added and mixed. After 6 min, 5 l of last wash buffer EYMPTD, has a very high affinity for the ␣-(EE) monoclonal antibody; was added (to give a final assay volume of 50 l) containing [␥ 32 P]-the beads were incubated with (EE)-peptide, on ice, for 40 min, then ATP (typically 10 Ci per assay, Amersham, PB10168) and 3.5 mM the supernatant was removed). Aliquots of the eluted proteins were MgCl 2 . The tubes were then mixed and transferred to a 30ЊC water diluted and assayed for PI3K activity (see above) or mixed with SDS bath for 15 min. Assays were quenched and extracted, and lipids sample buffer directly. In in vitro reconstitution experiments, p120 were deacylated, resolved on PEI-plates, and quantitated (Stephens preparations in buffer (G) were supplemented with Triton X-100 (1%, et al., 1994) . w/v; now equivalent to buffer [H]), mixed with (EE)-p101 (10:1 molar PtdIns(4,5)P 2 and PtdEtn (Sigma) (final ratio of protein) still bound to the protein (G) matrix, mixed for 2 hr concentrations in the assay of 50 M and 0.5 mM, respectively) (end on end at 4ЊC), and then washed and eluted with (EE)-peptide were included; in some experiments, PtdIns4P or PtdIns (Sigma) as previously described above for the purification of p101/p120-were included. The dried lipid was bath sonicated (at room tempera-PI3K reconstituted in vivo. (EE)-p120 was purified from Sf9 cells as ture) into final wash buffer without BSA and supplemented with described for (EE)-p101. Yields were typically 1.5-2.0 mg per 500 0.1% sodium cholate. Sonicated lipids were mixed with a mixture, ml of Sf9 culture. totaling 1 l of per assay, of G␤␥ storage buffer (1% cholate, 50 mM HEPES [pH 7.5, 4ЊC], 0.1 M NaCl, 1 mM DTT, and 0.5 mM EDTA), active G␤␥, or an equivalent volume of boiled G␤␥ of 3-7 mg/ml G␤␥ Binding Assays Assays (40-80 l final volume) contained ␣-(EE)-beads (2 l packed stocks in storage buffer. In some experiments, the 1 l included G␣ subunits or their storage buffer, in which case the G␤␥s were volume) that had been preincubated with lysates from Sf9 cells infected with wild-type BV or RBV encoding (EE)-p101 or (EE)-p120 premixed with the G␣ subunits (either GDP-bound or -activated; see below) for 10 min on ice.
or with the lysis buffer alone. This was arranged such that the beads carried 1.5-4 g of p101 or 1.8-4.8 g of p120. Additional ␣-(EE) G␣ subunits (an equimolar mixture of G␣:o, i 1, i2, and i3 prepared as described [Sternweis and Pang, 1990] and stored in the same beads, preloaded with a lysate from wild-type BV-infected Sf9 cells, were used to make up the total packed volume of beads in each buffer as the G␤␥ subunits, but supplemented with 10 M GDP) were activated by incubation on ice with 10 mM NaF and 30 M assay to 2 l. The beads were washed with PBS containing Tween
